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摘 要 
I 
摘  要 
海水颗粒物是诸多海洋生物地球化学过程的关键环节之一，其量变涉及到一
系列复杂的生物、物理、化学及地质过程。然而，迄今为止，世界范围内，人们
对于海洋中颗粒物的组成、来源、时空变化及其控制因素等均缺乏清晰的了解和
认识。有鉴于此，本研究对 2014 年春季采于南海北部 5 个站位、包含平面与垂
向的 21 个样品中的颗粒物进行了单颗粒法研究(扫描电镜+能谱)。在 31267 个颗
粒形貌及其元素组成特征的研究基础之上，鉴别出生物有机质碎屑、硅质生物碎
屑、完整硅质生物、钙质生物碎屑、完整钙质生物、二氧化硅和硅酸盐、重金属、
盐类等八类颗粒物。其中，生物有机质碎屑、硅质生物碎屑、完整硅质生物、钙
质生物碎屑、完整钙质生物主要源于海洋浮游植物的初级生产，二氧化硅和硅酸
盐颗粒和重金属颗粒主要源于陆源输入，盐类主要为海水的各种结晶产物。通过
各类型颗粒物形貌、元素组成特征及其空间变化的对比研究，获得以下重要科学
认识：(1)各站(层)位中检出的生物颗粒主要为各类浮游植物及其碎片，碎片与完
整生物颗粒的个数比介于 4.56 ~ 199.33 倍，表明检出的生物颗粒是一定时间内，
浮游植物生产与降解综合作用的产物，因此，某些参数的准确理解需要充分考虑
生物颗粒降解过程中可能产生的变化。(2)真光层以深，随着水深的增加，生物颗
粒含量显著降低， 意味着生物颗粒在沉降过程中发生了显著的矿化作用。(3)陆
源二氧化硅和各类硅酸盐颗粒可能是浮游植物重要的营养物质，它们为浮游植物
提供了光合作用所需的 Si、Al、Mg、Fe。 
 
 
 
关键词：南海北部；海水颗粒物；单颗粒法 
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II 
Abstract 
Seawater particle is one of the key nodes of many marine biogeochemical processes, 
which quantitatively involve in a series of biological, physical, chemical, and 
geological processes. However, up to now, there is a lack of a clear understanding and 
knowledge in the composition, sources, temporal and spatial variation, and controlling 
factors of marine particles. We combined scanning electron microscopy with the X-ray 
energy dispersive spectrometer in the research. Detailed data mapping of elemental 
composition, the percentage of overall and particle number concentration were obtained 
for five stations (21 samples) of the northern South China Sea during spring in 2014 
based on single particle analyses of the marine particles. In this study, we detected 
31267 particles. These particles can be divided into the following 8 categories, bio-
organic detritus particles, siliceous biodetritus particles, complete biogenic siliceous, 
calcareous biodetritus particles, complete biogenic calcareous, silica and silicate 
particles, heavy metal and salts, based on the characteristics of morphology and the 
relative Atomic% of elements. Regarding biogenic particles, the detection of bio-
organic detritus particles, siliceous biodetritus particles, complete biogenic siliceous, 
calcareous biodetritus particles, complete biogenic calcareous, all of them can be 
attributed to the primary production of phytoplankton. Regarding abiotic particles, 
silica and silicate particles are mainly from the impact of the Pearl River input in 1 
station, and the remaining stations may be give priority to the influence of atmospheric 
deposition, as for heavy metal containing particles. Both of them are mainly from 
terrestrial input. Salts are the crystallized products of sea water. 
Through the comparative study of morphology, the characteristic of elements and 
spital changes of marine particles, we got the following important scientific 
understanding. (1) The biogenic particles are mainly from various types of 
phytoplankton and its fragments, the particle number concentration of bioclastic are 
4.56 ~ 199.33 times higher than the comparatively intact skeleton, indicating that 
biogenic particles are the products of phytoplankton production and degradation for 
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some time, therefore, the accurate understanding of some parameters need to take into 
account the changes in degradation of biogenic particles. (2) The particle number 
concentration of biogenic particles show significant differences between the euphotic 
and the area bleow the euphotic. Below the euphotic, with the increase of the water 
depth, the particle number concentration of biogenic particles are significantly reduced. 
It means that there are significant mineralizations in the subsidence process of biogenic 
particles. (3) The terrigenous silica and all kinds of silicate particles may be the essential 
nutrient of the phytoplankton, which provide Si, Al, Mg and Fe to photosynthesis of 
phytoplankton. 
 
 
 
Key Words: NSCS; Seawater particles; Single particle analysis. 
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